We identified in the EST database murine and human sequences similar, but not identical, to the members of the PC3/BTG/TOB family of cell cycle inhibitors. A conserved domain (aa 50 -68) of the PC3 protein, the prototype member of the family, was used as a query. That domain has been shown by us to be necessary for the antiproliferative activity of PC3. A murine EST clone and a highly homologous human EST clone, containing the entire ORF, were chosen for sequencing. Comparison to databases and a phylogenetic tree analysis indicated that these EST clones are the mouse and human homologues of a gene that represents a novel member of the PC3/BTG/TOB family. This gene, named PC3B, is endowed with marked antiproliferative activity, being able to induce G 1 arrest, and is highly expressed in testis, in oocyte, and in preimplantation embryos. Analysis of its expression during murine development indicated a specific localization in the olfactory epithelium at midgestation, suggesting that PC3B might be involved in the differentiation of this neuronal structure. Human PC3B mapped to chromosome 11q23, as indicated by radiation hybrid analysis.
INTRODUCTION
The PC3B gene described in this report is a novel member of a family of negative regulators of the cell cycle. The founding member of this family is represented by the gene PC3, originally isolated by us as an immediate-early gene activated at the onset of neuronal differentiation in rat PC12 cells by nerve growth factor (NGF; Bradbury et al., 1991) . The murine homologue, named TIS21, was identified as a tetradecanoyl phorbol acetate-induced transcript in mouse NIH3T3 cells by the Herschman group (Fletcher et al., 1991) . PC3 is expressed in proliferating neuroblasts within the germinal zone of the neural tube, at the moment of the last proliferative cycle preceding differentiation into a mature neuron (Iacopetti et al., 1994 (Iacopetti et al., , 1999 . This finding led us to hypothesize that PC3 might exert a negative control on proliferation, acting in vivo when the neuroblast becomes committed to differentiation (Iacopetti et al., 1994) . Such a hypothesis was also consistent with a report that described a novel sequence named BTG1, with 60% identity to PC3, endowed with antiproliferative properties (Rouault et al., 1992) . We ascertained that PC3 was able to inhibit proliferation in neuronal PC12 cells and in NIH3T3 cells by inducing G 1 arrest through the conversion of pRb-a key growth inhibitory molecule of the cell cycle-into its active form (Montagnoli et al., 1996; Guardavaccaro et al., 2000) . The antiproliferative properties of the human homologue of PC3, named BTG2, have also been analyzed (Rouault et al., 1996) . Furthermore, it was shown that BTG2 was induced by the key regulatory cell cycle gene, p53, and that ES cells in which PC3/TIS21/BTG2 had been genetically ablated underwent apoptosis and failed to arrest in G 2 phase upon induction of DNA damage. This suggested that PC3/TIS21/BTG2 had a role in cell survival after genotoxic damage (Rouault et al., 1996) .
After the cloning of PC3/TIS21/BTG2 and of BTG1, novel related antiproliferative genes were isolated, namely TOB (Matsuda et al., 1996) , murine BTG3 (Guehenneux et al., 1997) and its human homologue ANA (Yoshida et al., 1998) , and human TOB2 (Ikematsu et al., 1999) . These genes share about 60, 40, 35, and 33% sequence identity with PC3, respectively. A common feature among all these genes is their ability to inhibit proliferation. More recently, other related genes, as judged by sequence similarity, were identified, and their sequences were made available in the GenBank database.
All the protein sequences of the family are quite similar, with two regions of higher conservation, corresponding to aa 50 -68 and 96 -115 in PC3. However, TOB and TOB2 extend at the carboxy-terminal region further than the other proteins of the family, their homology being limited to the amino-terminal domain. The carboxyl-terminal domain of TOB interacts with the mitogenic receptor p185 erbB2 , which is able to counteract the antiproliferative effect of TOB (Matsuda et al., 1996) . This suggests that, within a common functional role of the whole gene family in cell cycle control, specific molecular targets could be defined by additional domains of the protein, as might be the case for TOB. However, no homology to known functional motifs is evident in the cDNA-deduced proteins of these genes, thus leaving open the question about their specific molecular function. Recent findings concerning PC3/BTG2/TIS21 indicated that this gene (and hence, possibly the other genes of the family) acts as a transcriptional regulator, as it is able to arrest G 1 to S phase progression by inhibiting cyclin D1 transcription (Guardavaccaro et al., 2000) . Furthermore, BTG2 was shown to interact with the mCAF1 gene, i.e., the mouse homologue of the yeast CAF/POP2 gene (Rouault et al., 1998) , which is part of the yeast CCR4 protein, a component of a multisubunit complex required for the regulation of several genes (Liu et al., 1997) .
The novel PC3B gene, whose cloning and characterization are presented here, has clear antiproliferative properties and a specific pattern of expression in development, suggesting that it might play specific functional roles within the PC3/BTG/TOB family.
MATERIALS AND METHODS
Sequence analysis and computer-assisted search of databases. Automated fluorescence DNA sequencing was performed using PerkinElmer 377 Prism machines with Dye Terminator Sequencing chemistries on double-strand plasmid templates. Computer analyses of the sequences were performed with the Wisconsin Package version 10.0-UNIX of the Genetics Computer Group (GCG), Madison, Wisconsin (January 1999) . Similarity searches were performed using BlastN, BlastP, and FastA algorithms, against the GenBank (release 113, August 1999), EMBL (release 59.0, June 1999), Pir-Protein (release 61.0, June 1999), and Swiss-Prot (release 38.0, July 1999) databases.
Construction of PC3B vectors. An expression vector for murine Pc3b was generated by subcloning into the EcoRV site of the vector pcDNA3 (Clontech) the fragment MluI (5Ј)-SalI (3Ј) from the mouse cDNA clone 944385, blunted after excision. The mouse pcDNA-Pc3b vector was used for the proliferation assays. The same construct, after excision of the AT-rich 150-bp fragment HindIII-HindIII at the 3Ј end, was used to generate 35 S-labeled CTP probes for in situ hybridization.
Northern analysis. Two micrograms of mRNA from mouse and human tissues, blotted on a nylon filter, was hybridized as previously described (Buanne et al., 1998) with mouse or human PC3B cDNA probes that were 32 P-labeled following the hexamer primer method (Feinberg and Vogelstein, 1983) . The mRNA amounts were controlled by hybridizing the filters to a ␤-actin probe.
Mice. Mating of C57/B16 mice and the definition of embryo stages were as described (Buanne et al., 1998) . The protocol by Zaccagnini et al. (1998) was followed for collection of oocytes from superovulated B6D2F1 females, in vitro fertilization, and embryo culture to the blastocyst stage.
RNA extraction and RT-PCR assays. RNA was extracted from oocytes, morulae, and blastocysts using TRIZOL reagent (Gibco BRL). RT-PCRs were carried out using the SuperScript One-Step RT-PCR System (Gibco BRL), according to the manufacturer's instructions. Parallel reactions were performed replacing the RT/Taq with TaqI polymerase (Gibco BRL), to exclude the presence of contaminating genomic DNA. Murine Pc3b-specific primers had the following sequences: forward, 5Ј-ACGGCGGTCCTCTGAAGCCT-3Ј; reverse, 5Ј-ATGACT-GGGCCTCCCTGC-3Ј. The reaction efficiencies and the initial amount of RNA template in each reaction were assessed using commercial primers specific for ␤-actin (Stratagene). The following PCR conditions were used: 1 cycle at 50°C for 30 min followed by 2 min at 94°C; 40 cycles of denaturation (1 min at 94°C), annealing (1 min at 60°C), and elongation (1 min at 68°C); a final extension step for 7 min at 68°C. One-fourth of each PCR was electrophoresed through 2% agarose gels, blotted on nylon filters, and hybridized using [␥- 32 P]ATP-labeled internal oligonucleotides (sequences: 5Ј-AGGAGATGACCATATGGG-3Ј for Pc3b and 5Ј-AGAGAGGTATCCTGACCCTGAAGTAC-3Ј for ␤-actin). PCR products were visualized by autoradiography (see also Montagnoli et al., 1996) .
In situ hybridization. Expression was detected in tissue sections of embryonic day 10.5 (E10.5), E12.5, and E16.5 mouse embryos, or of postnatal (day 2) mice, following a published protocol for radioactive in situ hybridization (Bulfone et al., 1998) . Sets of serial sections were hybridized with 35 S-UTP-labeled antisense or sense riboprobes, transcribed from the murine pcDNA-Pc3b vector (corresponding to the region from nt 1 to 1356 in the Pc3b cDNA sequence). The sense probes yielded no hybridization signal.
Flow cytometry assay. The cell cycle profiles were measured as described (Guardavaccaro et al., 2000) , with minor modifications. NIH3T3 cells were cotransfected with the murine or human pcDNA3-PC3B construct (or with vector alone) and with a construct encoding the green fluorescent protein (GFP) fused to the cellular membrane protein spectrin (pCMVEGFP-spectrin; Kalejta et al., 1997) by means of the liposome technique, using the Lipofectamine reagent (Life Technologies, Gaithersburg, MD). The cell number at the moment of harvesting (48 h after transfection) was about 1.5 ϫ 10 6 in a 90-mm dish. The cell cultures were analyzed for cell cycle phase distribution using a FACScan flow cytometer (Becton Dickinson, Franklin Lakes, NJ). Two-color flow cytometry was performed, simultaneously measuring GFP-spectrin (green channel) and propidium iodide (red channel) fluorescence intensities, using CellQuest software with doublet discrimination to remove cell aggregates and debris. The gates to analyze GFP-spectrin/Pc3b-expressing cells were set after the background fluorescence of cells transfected with empty vector was measured. DNA histograms were analyzed using ModFit LT software (Verity Software House Inc., Topsham, ME).
FIG. 1.
Nucleotide and predicted amino acid sequence of (A) mouse Pc3b and (B) human PC3B. In each sequence, the ATG start codon and the putative polyadenylation signal are underlined. The translation of the longest ORF is shown above the nucleotide sequence with the single-letter amino acid code. The mouse and human PC3B nucleotide sequences were deposited with the EMBL database under Accession Nos. AJ005120 and AJ271351, respectively. (C) The predicted human and mouse protein sequences are aligned by the algorithm Align.
Radiation hybrid mapping. The following primers from the 3Ј untranslated region of human PC3B were used for direct PCR amplification: 5Ј-ATCTGGGAATGAATTTGCAGCAC-3Ј (sense primer, corresponding to nt 680 -705 of human PC3B sequence); 5Ј-TCCA-GAAATCACCCTGAAGATTTC-3Ј (antisense primer, corresponding to nt 767-794 of human PC3B sequence). The PCR analysis results were analyzed by the RH Mapping Service of the Whitehead Institute/MIT Center for Genome Research (WICGR) using RH Mapper software. The list of genes involved in genetic disorders mapping at 11q23 was obtained from Online Mendelian Inheritance in Man (OMIM, Center for Medical Genetics, Johns Hopkins University, Baltimore, MD, and National Center for Biotechnology Information, National Library of Medicine, Bethesda, MD).
RESULTS

Cloning and Sequencing of Murine and Human PC3B
A portion of the rat PC3 protein sequence corresponding to residues 50 -68 was compared to EST databases (dbEST, Boguski et al., 1993) using the TBlastN algorithm (Altschul et al., 1990) . That region, originally identified as the A box (Guehenneux et al., 1997) , is highly conserved throughout the family and was used for database searching, as we recently found it to be necessary for the antiproliferative activity of PC3 (and hence renamed it GR, for growth regulatory; Guardavaccaro et al., 2000) . Over 150 ESTs, from either human or murine cDNA libraries at different stages of development (October 1997), showed homology with the GR query sequence. Of those, about 20 ESTs with significant homology to known genes of the PC3/BTG/TOB family, yet not identical to any of them, were considered for further analysis. Sequence analysis was then carried out on cDNA clone 944385 (isolated from a murine 2-cell stage embryo cDNA library; WashU-HHMI Mouse EST Project), corresponding to mouse EST AA545570. Clone 944385, named Pc3b, has a cDNA insert of about 1450 nt that contains the entire coding region. The first in-frame ATG is located 178 nt from the 5Ј end of the clone and fulfills Kozak's criteria for an initiation codon (Kozak, 1984) . Comparison of the complete sequence of clone 944385 with dbEST indicated the presence of several ESTs belonging to the same transcriptional unit, 3 of them further extending the UTR 5Ј end by about 80 nt. These ESTs were assembled to obtain the complete sequence of mouse Pc3b cDNA, which has a total length of 1532 nt, with a 5Ј UTR of 178 nt and a 3Ј UTR of 604 nt (Fig. 1A) . The predicted protein product encoded by the ORF is 250 residues long (Fig. 1A) with a calculated molecular mass of 28,588 Da. The murine Pc3b sequence was then used as a query to retrieve its human counterpart in the EST database. This led to the identification of 3 human ESTs, part of the same transcriptional unit, with a high level of homology to mouse Pc3b. Sequence analysis of the corresponding cDNA clones (clones 1583867, 2347887, and 2350245, corresponding to ESTs AA972143, AI798233, and AI827608, respectively) yielded the full sequence of the putative human PC3B cDNA, 814 nt in size, with a predicted protein product of 223 residues and a calculated molecular mass of 25,973 Da (Fig. 1B) . Sequence inspection using the program Prosite (Bairoch, 1990) showed potential phosphorylation sites by protein kinase C, of which only one at Ser-116 is conserved in human and mouse PC3B sequences, and potential phosphorylation sites by casein kinase II (those conserved are at aa 145-148 and 146 -149) . No consensus site for phosphorylation by CDK2 was detected (which is present and functional in PC3; Guardavaccaro et al., 2000) .
PC3B, A Novel Member of the PC3/BTG/TOB Gene Family
Mouse Pc3b cDNA-deduced protein, when compared to the GenBank, EMBL, DDBJ and PDB databases using the algorithm TblastN (March 2000) , presented the highest level of homology to human PC3B protein (E value of 5 ϫ 10 Ϫ86 ), with an identity of 73.09% based on alignment by the algorithm Align (Feng and Doolittle, 1996) , followed by two sequences from Xenopus, i.e., XB9.10 and XB9.15 (E values of 2 ϫ 10 Ϫ59 and 4 ϫ 10 Ϫ58 with 47.8 and 48.9% identity, respectively; see also Figs. 1B and 2B). The next protein sequences showing a near level of identity with mouse PC3B protein followed at some distance; these were rat and mouse BTG3 (Guehenneux et al., 1997 ; the latter protein is alternatively termed mouse ANA; see Yoshida et al., 1998) , human ANA (Yoshida et al., 1998) , and PC3 (Bradbury et al., 1991) . These four genes presented 39.2, 39.2, 38.4, and 33.1% identity, respectively, to mouse PC3B protein (Figs. 2B and 3) . The human PC3B cDNA-deduced protein shared with the mouse PC3B protein the same level of homology for the XB9.10, XB9.15, BTG3/ANA, and PC3 genes (see Fig.  2B ). Therefore, these data (i) suggest that the cDNA identified as human PC3B is the homologue of mouse Pc3b cDNA and (ii) clearly indicate that murine/human PC3B is significantly correlated with the PC3/ BTG/TOB gene family, but is not identical to any of those genes. To clarify further the correlation of PC3B with the genes of the family, we generated a phylogenetic tree using the algorithms Align and Treedraw by Feng and Doolittle (1996; Figs. 2A and 2B) . We analyzed all protein sequences that presented a significant correlation with PC3B (March 2000), as identified by means of the algorithm TblastN within the databases indicated above. This confirmed that PC3B is a novel member of a family comprising so far eight different genes, as shown in Fig. 2: (1) human BTG1/Gallus domesticus BTG1 (rat BTG1 and mouse BTG1 are not indicated, being reported in database as identical to human BTG1); (2) rat PC3/mouse TIS21/human BTG2; (3) mouse BTG3/human ANA (rat BTG3 sequence was not reported as it was very similar to mouse BTG3); (4) mouse Pc3b/human PC3B and Xenopus B9.10; (5) Xenopus XB9.15; (6) human TOB/mouse TOB; (7) The sequences significantly correlated with PC3B were identified by the TblastN algorithm analyzing the GenBank, EMBL, DDBJ, and PDB databases combined (December 1, 1999), and then an evolutionary tree was calculated with the nearest-neighbor algorithm by Feng and Doolittle (1996) . The evolutionary distance is shown by the total branch lengths (horizontal lines). The accession numbers of the genes reported are also indicated, whereas their existing references and alternative accession numbers are as follows: human BTG1, NM 01731.1 or, alternatively, X61123.1 (Rouault et al., 1992) ; G. domesticus BTG1, X64146 (Rouault et al., 1993) ; TIS21, M64292 or, alternatively, NM007570.1 (Fletcher et al., 1991) ; PC3, M60921 (Bradbury et al., 1991) ; BTG2, NM 006763.1 or, alternatively, U72649.1 (Rouault et al., 1996) ; mouse BTG3, Z72000 or, alternatively, NM009770.1 (Guehenneux et al., 1997) , cloned also as mouse ANA, D83745 (Yoshida et al., 1998) ; human ANA, NM006806.1 or, alternatively, D64110.1 (Yoshida et al., 1998) ; human PC3B, AJ271351; mouse Pc3b, AJ005120 (present report); human TOB1, NM 005749.1 (previously named TOB with Accession No. D38305.1, Matsuda et al., 1996) ; human TOB2 (as by Ikematsu et al., 1999 ; Accession No. D64109, previously known as TOB4). The remaining sequences are present (March 2000) only in the database (rat BTG1, L26268; XLAJ9283; rat BTG3, AF087037; XB9.15, X73317; XB9.10, X73316; mouse TOB, D78382 or, alternatively, NM009427.1; human TOB2, AB035207 or, alternatively, NM016272). Rat BTG1 (L26268) and mouse BTG1 (L16846 or Z16410; Rouault et al., 1993) , were not reported in the phylogenetic tree since their sequence in the database was identical to that of human BTG1. (B) Percentage identities between the proteins analyzed. Human TOB2 (AB035207) is indicated with an asterisk to differentiate it from TOB2 (D64109). The alignment used was that indicated in (A) to implement the phylogenetic tree.
to D64109, present only in database with Accession Nos. AB035207 and NM016272). Furthermore, the gene products identified in Drosophila melanogaster and Branchiostoma lanceolatum with Accession Nos. AF1774464 and U95824, respectively, also appear to be TOB-related genes (see Fig. 2) .
Furthermore, the multiple comparisons performed by the algorithm Align, between the known members of the PC3/BTG/TOB gene family, confirmed the existence of two domains of higher conservation, corresponding to the A-or GR-and B boxes that are also shared by the PC3B protein (Fig. 3) . Such conserved regions correspond within the mouse and human PC3B proteins to residues 42-60 and 88 -107 (aa 50 -68 and 96 -115 in rat PC3); see Fig. 3 .
Expression of PC3B in Germline, Adult, and Embryonic Tissues
To analyze PC3B gene expression, the mouse 944385 and human 2347887 cDNA clones were 32 P-labeled and used to probe Northern blots of poly(A) ϩ mRNA from mouse and human adult tissues, respectively (Figs. 4A, 4C, and 4D). A specific signal was detected only in testis, visualizing a 1.4-kb-long mRNA transcript in both the murine and the human panels. Given that the ESTs belonging to the same transcriptional unit of mouse and human PC3B cDNAs had been isolated from libraries of testis, as well as of oocyte and of early preimplantation embryos (2-or 8-cell stages; March 2000), we sought to define in the latter two tissues the expression of murine Pc3b mRNA. By RT-PCR we observed that Pc3b mRNA was highly expressed in oocyte, with a progressive decrease as the embryo reached the morula stage (about 16 cells) and blastocyst stage (about 64 cells, Fig. 4B ). Indeed, the expression of mouse Pc3b, analyzed by densitometry and normalized to that of ␤-actin, declined, with respect to the expression observed in oocyte assumed as unity, to 0.7-fold in morula and to 0.3-fold in the blastocyst.
Expression of Mouse PC3B during Development
To determine the temporal and spatial expression of Pc3b during mouse development, an RNA in situ expression study was performed on mouse embryo tissue sections at several developmental stages, from E10.5 to E16.5 and at P2 (postnatal day 2). A 1.4-kb-long RNA probe was produced by the pcDNA-Pc3b vector 3ЈUTR-less. The earliest Pc3b expression was detected at around E16.5. At this time point, Pc3b is expressed exclusively in the epithelium of the nasal cavity (Figs.  5A-5D ). No expression was detected in P2 animals. The sense strand of the same fragments did not reveal any detectable signal above the background level (data not shown).
In rodents, most of the surface area of the nasal cavities is covered with olfactory mucosa. The olfactory neuroepithelium (OE) is composed of three major cellular components: the supporting (sustentacular) cells that form a single layer close to the surface; the sensory olfactory receptor neurons (ORN), occupying the lower two- thirds of the epithelium; and the globose basal cells along the basement membrane, which represent the neuronal precursors that become postmitotic neurons immediately after a few symmetric divisions (Graziadei and MontiGraziadei, 1979; Calof and Chikaraishi, 1989; Schwartz Levey et al., 1991; Calof et al., 1996) . Our in situ experiments showed that Pc3b is not expressed in the most dorsal and medial areas in this structure at this stage, while it is intensely expressed in the remaining olfactory and respiratory epithelium (Figs. 5A-5D) . Moreover, the transcript seems to be preferentially distributed in the luminal half of the epithelium where the most mature postmitotic cells are located (Fig. 5B) . Therefore the Pc3b spatial and temporal pattern of expression suggests that it is expressed in the supporting cells and possibly in the sensory neurons, while the immature olfactory neurons (globose basal cells) are negative.
Analysis of the Antiproliferative Activity of PC3B
Given the established antiproliferative effects of many members of the PC3/BTG/TOB gene family, we sought to verify whether PC3B was also able to inhibit cell proliferation, by measuring the cell cycle profile of NIH3T3 cells expressing ectopic PC3B. With this aim we cotransfected the pcDNA-PC3B (either murine or human) expression construct together with a vector expressing GFP-spectrin (Kalejta et al., 1997) . Successfully transfected cells were revealed by GFP-spectrin expression and analyzed for their cell cycle profile by two-color flow cytometry (Figs. 6A and 6B ). The analysis was carried out on the whole cell population transfected, i.e., both floating and adherent cells. The former were included to detect whether PC3B induced cellular death. We observed that the expression of murine (Figs. 6A and 6B ) and human (data not shown) PC3B in NIH3T3 cells induced an evident increase of the cell population in the G 1 phase, paralleled by a complementary decrease of cells in the S and G 2 /M phases. Ectopic PC3B did not affect the size of the hypodiploid sub-G 1 population, which corresponds to the fraction of cells undergoing apoptosis (Hotz et al., 1994; Figs. 6A and 6B) . This indicated that the inhibition of cell cycle progression is not due to no-specific effects, such as cellular toxicity of the transfected DNA. As an independent approach, inhibition of proliferation by murine pcDNA-Pc3b was also assessed, and confirmed, by colony formation assay, performed as described (Guardavaccaro et al., 2000 ; data not shown).
Chromosomal Localization of the PC3B Locus
RH mapping (Cox et al., 1990 ) was used to determine the chromosomal band position of the PC3B gene. RH mapping was performed using the GeneBridge 4 panel (Walter et al., 1994) , which includes 93 human/hamster clones. RH mapping indicated a univocal localization to chromosome 11 between the markers WI-6355 and WI-7642. These markers are localized to the cytogenetic band 11q23.2-q3, as reported by Chumakov et al. (1995) . To evaluate a possible involvement of this gene in human inherited disorders, we used the OMIM database. We retrieved information on the disease loci mapped to the same chromosomal region, which comprises different types of myeloid and lymphoid leukemias associated with breakpoint regions, paragangliomas, and different variants of the ataxia-telengectasia syndrome.
DISCUSSION
We report here the isolation of murine Pc3b cDNA and of its human homologue, on the basis of its similarity to the GR region of the PC3 gene, which is conserved within the PC3/BTG/TOB protein family and is necessary for the antiproliferative activity of PC3 (Guardavaccaro et al., 2000) . Our analyses show that the PC3B cDNA encodes a novel protein of the family, very likely the homologue of either the Xenopus B9.10 or B9.15 gene. The phylogenetic tree generated with the protein sequences of the whole gene family reveals three major clusters, one comprising two genes, FIG. 5. RNA in situ hybridization on E16.5 mouse tissue sections. As shown in A, and at higher magnification in B, Pc3b is expressed exclusively in the nasal epithelium. The hybridization signal (in red in B-D) is more intense in the inner layers of the epithelium: sustentacular and neuronal cell layers. The transcript could not be detected in the more dorsal and medial areas of the nasal cavities, as shown in D. Pc3b is instead expressed, at a lower level, in the epithelium of the naso-and oropharynx, as shown in C. SCL, sustentacular cell layer; NCL, neuronal cell layer; BCL, basal cell layer; OC, oral cavity; NC, nasal cavity; P, pharynx; Pi, pituitary; NP, nasopharynx; OE, olfactory epithelium; LL, lower lip; UP, upper lip; T, telencephalon.
i.e., BTG1 and PC3/BTG2/TIS21; a second including the genes PC3B/XB9.10, or PC3B/XB9.15, and BTG3/ ANA; and a third and more distant cluster composed of at least three genes, TOB, and the two human TOB2 (plus the D. melanogaster and B. lanceolatum sequences that are part of this third cluster; see legend to Fig. 2 for accession numbers and references). This analysis confirms the indication obtained with the Blast algorithm, that the nearest neighbors of PC3B, in terms of evolutionary distance, are the genes XB9.15, XB9.10, BTG3/ANA, and PC3/BTG2/TIS21. It is worth noting that the last two genes have a common pattern of expression in the ventricular area of the neural tube (Guehenneux et al., 1997) , which suggests a common function.
The expression of PC3B appears to be rather peculiar, being selectively limited to the olfactory epithelium and to germline tissues, including testis and oocyte. This is based on our Northern analysis data, and on the evidence that the ESTs belonging to the same transcriptional unit of PC3B (murine or human) are all, so far, from libraries made from testis, from oocyte, and from 2-to 8-cell embryos. Furthermore, the observation of an absolute decrease of the PC3B mRNA throughout the late cleavages of the oocyte with a rate only slightly greater than that of ␤-actin, which is actively synthesized during oogenesis and in cleavagestage embryos in mice (Taylor and Piko, 1990) , leaves open the possibility that PC3B is actively synthesized during the maturation of the embryo, rather than being merely of maternal origin. It is worth noting that germline cells are totipotent, in the sense that by differentiation into haploid gametes and fertilization they are able to generate a new organism (see for review, Pesce et al., 1998, and Eyal-Giladi, 1997) . As the embryo blastomeres divide, there is a restriction of potency; intriguingly, this process is paralleled by a decrease in the expression of PC3B. At any rate, the high-level expression of PC3B in oocyte as well as in testis (although currently we do not know which cellular population of that organ is responsible for the expression of PC3B) strongly suggests that PC3B might have a role in gametogenesis.
The OE, where Pc3b is also highly expressed, is another tissue peculiar for its conservation of the growth potential. Situated within the nasal cavity, the OE constantly regenerates neurons throughout the lifetime of animals, including rodents and humans (Moulton, 1974; Monti-Graziadei, 1978, 1979; Suzuki and Takeda, 1993) . This is a unique feature in the nervous system, which indicates that neuronal stem cells are preserved in the OE throughout life (Graziadei and MontiGraziadei, 1978) . In the rat, each olfactory receptor neuron degenerates every 4 -6 weeks and is replaced by a newly differentiated precursor neuron, which is initially located in the basal region of the OE and progressively assumes a mature state of postmitotic neuron while migrating to the upper layers, to finally project afferent axons directly back into the olfactory bulb (Farbman, 1990) . Therefore, a gradient of undifferentiated to differentiated cells occurs from the basal to the apical regions of the OE.
The OE becomes arranged in layers (see Results) at around E13, and the differentiation of the sustentacular cells starts at about E15.5, and their nuclei remain confined to the luminal side (Smart, 1971; Cuschieri and Bannister, 1975) . The expression of Pc3b in the intermediate and luminal region of the OE, at E16.5, corresponds to the region and time at which the postmitotic neurons localize in the median region of the 5 NIH3T3 cells were seeded onto 90-mm culture dishes, and after 24 h, the cells were transfected either with pcDNA3 empty plasmid (8.5 g) or with pcDNA-Pc3b (8.5 g), together with a plasmid encoding the GFP-spectrin cell surface marker (pCMVE GFP-spectrin, 1.5 g). After 48 h, the transfected cells were harvested and analyzed by means of a FACScan flow cytometer. The cell cycle distribution of GFP-positive cells was measured by analyzing the DNA content after staining with propidium iodide, using two-color flow cytometry. (B) Statistical analysis of the effects of mouse Pc3b on the cell cycle profile. Data from three independent experiments, performed and analyzed as described in (C), are shown as means Ϯ SEM of the changes in the percentage of cells in G 0 /G 1 , S, G 2 /M, or sub-G 1 cycle phases, referred to the corresponding value of the control transfection with the empty vector pcDNA3. epithelium and the sustentacular cells differentiate. Given the ability of Pc3b to induce an impairment of the cell cycle in G 1 phase, it is possible that Pc3b might be involved in the process of differentiation of either the sustentacular cells or the ORN cells, or both, by regulating the growth arrest that preludes and accompanies differentiation. Certainly, further studies in neuronal cells will be helpful in clarifying this possibility.
Very little is known about the genes that regulate proliferation and differentiation of the OE. So far, it has been shown that Mash1, expressed from E10 to E17, is necessary for the generation of the majority of ORN cells (Cau et al., 1997) . Two other genes are expressed in the OE, i.e., Math4C and NeuroD, at E10 and E17, respectively. The expression of these three genes follows a basal to apical gradient, with Mash1 being only basal, Math4C being basal and intermediate, and NeuroD being intermediate and apical (Cau et al., 1997) . Hence, NeuroD expression is related to the most differentiated ORN, being concomitant with the last division of ORN progenitors and the beginning of differentiation of postmitotic neurons. From our data, PC3B expression is more similar to that of NeuroD, spatially and also temporally, being undetectable until E16, thus partially overlapping the stage of differentiation marked by NeuroD.
Further functional analyses, in vitro as well as in vivo and in animal models, will be helpful in verifying the functional hypotheses presented in this report. These include the possibility that alterations of the PC3B gene, a cell cycle inhibitor localized at 11q23, might play a part in the onset of one of the different tumor diseases mapping to this chromosomal region.
